Geometry is one of the basic skills to be mastered in Malaysian mathematics education. However, there is not much information on geometry attainment of the elementary school students based on van Hiele's levels. The purpose of this study was to determine the van Hiele's levels of geometric thinking among the elementary school learners. Three different instructional strategies based on modules were tested on three groups of students ;(i) van Hiele's phases of learning (VH-PL) module that guides students through the van Hiele's learning process, (ii) van Hiele's theory which is integrated with the Google SketchUp software (VH-GSU) module and (iii) use of conventional instruction (NVH-CI) module which refers to teaching strategy without the use of van Hiele's theory of learning or any software in the teaching. This true experimental study involved 96 Year Five students of a Malaysian public school. Data were collected using Wu's Geometry Test (WGT) and sample responses identified by Fuys, Geddes, and Tischler (1988) . Results showed that at the onset of the experiment, the students were operating at the lower levels of van Hiele's levels of geometric thinking. After the intervention, results of the WGT showed that most of the students in all three groups achieved a higher level of van Hiele's geometric thinking. been tested to be effective. Lastly, teachers are encouraged to explore the use of technology in the teaching of geometry.
INTRODUCTION
The van Hiele's geometric thinking theory is applied in the teaching of geometry in the elementary level in a number of countries. One of these countries is Taiwan. The teaching of geometry in Taiwan is designed and developed based on van Hiele's model of geometric thinking (Ministry of Education Taiwan, 1993 , 2000 , 2003 . In Taiwan, the students have consistently showed good performance in mathematics especially in the Trends in Mathematics and Science Study (TIMSS) with mean score consistently greater than the international benchmark. In addition, the ranking of the 8th grader is always in the top five of all participating countries (Wong, 2014) .
In Malaysia, geometry is formally introduced early in the elementary school (Ministry of Education Malaysia, 2010) since it is a basic skill to be mastered. However, the teaching of geometry in Malaysia is not based on van Hiele's geometric thinking theory. According to Abdul ; Mohd Salleh et al. (2012) , by the end of their learning session, elementary students in Malaysia had not acquired the targeted learning outcomes in elementary mathematics which is equivalent to Level 2 (Informal Deduction) based on van Hiele's theory. This may be the reason why students in Malaysia faced more learning difficulties at the secondary level as the learning outcomes emphasise higher levels of attainment (L3-Deduction and L4-Rigor) based on van Hiele's geometirc thinking theory. It had been reported that the teaching and learning of mathematics in Malaysia has been too teacher-centred and students are not given enough opportunities to develop their own thinking (Abdul Halim & Effandi, 2013; Noraini, 2005; . Therefore, learning difficulties encountered in geometry may be attributed by inadequate experience provided to students.
The van Hiele's model of geometric thinking was first proposed in 1957 by Dina van Hiele-Geldof and Pierre van Hiele at the University of Utrecht in the Netherlands. Many mathematics educators associate the development of geometric thinking with van Hiele's model (Abdul Halim & Effandi, 2013; Fuys et al., 1988; Mason, 1998; Noraini, 1998; Škrbec &. Čadež, 2015; Usiskin, 1982; Wu & Ma, 2005; . However, most of these researchers had studied on the geometric thinking of students at secondary school levels. Considering the lack of evidence for elementary school learners, this study was aimed at identifying geometric thinking at the elementary school level. Attainment of concepts at the elementary level is of utmost importance since it becomes the foundation in the transition to further learning at the secondary level.
The purpose of this study was to determine the van Hiele's levels of geometric thinking of Malaysian elementary school learners by comparing their attainment using three different instructional strategies. Firstly, the use of van Hiele's phases of learning (VH-PL) module that guides students through the van Hiele's learning process (information, guided orientation, explication, free orientation and integration) in order to progress through the levels of van Hiele's geometric thinking. Secondly, the use of van Hiele's theory which is integrated with the Google SketchUp software (VH-GSU) module that comprises of activities such as planning, delivery, and evaluation which are effectively disseminated in accordance with van Hiele's first three levels of geometric thinking and based on constructivist learning theory. Thirdly, the Conventional Instruction (NVH-CI) module which refers to teaching strategy without the use of van Hiele's theory of learning or any software in the teaching.
Specifically, the objectives of this paper are as follows:
International Journal of Instruction, January2019 • Vol.12, No.1 a) To determine the van Hiele's levels of geometric thinking among students using the three different instructional strategies; Google SketchUp (VH-GSU), van Hiele's Phases Learning (VH-PL) and the conventional instruction (NVH-CI); b) To compare the effect of the instructional strategies on the students' attainment based on van Hiele's levels in the learning of geometry; and c) To determine whether there is consistency in performance based on van Hiele's levels of geometric thinking in the pre-test, post-test and retention test between students using the three different instructional strategies (VH-GSU, VH-PL and NVH-CI) in the learning of geometry.
Theoretical Framework
Pierre van Hiele and Dina van Hiele-Geldof did their research in the late 1950s on the development of thought and concept in geometry amongst school children. The van Hiele's theory suggests that students progress through numerous levels of geometric thinking, from merely recognizing geometry shapes to constructing a formal geometry proof (van Hiele, 1986; van Hiele, 1999) . The theory enables us to explain why many students encounter difficulties in their geometry lessons. The theory also offers educators a teaching model to apply and practice in order to promote their students' levels of geometric thinking (Fuys et al., 1988; van Hiele, 1986) .
The van Hiele's theory originally posited five sequential and hierarchical discrete levels of geometric thinking (Senk, 1989; Usiskin, 1982) . Two different numbering schemes commonly used in the literature are as follows: Level 0 (L0) through to Level 4 (L4) and Level 1 (L1) through to Level 5 (L5) (Senk, 1989) . The original numbering scheme used by van Hiele was Level 0 (L0) through to Level 4 (L4) which refers to Recognition/Visualisation, Analysis, Informal Deduction, Deduction and Rigor.
The focus of this study was only on the first three levels of van Hiele's learning phases because researches have shown that the first three levels (i.e. Level 0 (L0), Level 1 (L1) and Level 2 (L2)) play much more important roles in producing better conceptual understanding of elementary geometry in Malaysia (Mohd.Salleh et al., 2012 , Chew & Lim, 2013 . At the Recognition/Visualisation Level (L0), students reason experimentally. Then, they establish properties of shapes by observing, measuring, drawing and making models. They identify shapes not as visual wholes but by their properties. For example, a student might think of a rhombus as a figure with four equal sides. At the Analysis Level (L1), the students can identify properties of figures. Students can recognise and name properties of geometric figures, but they do not yet understand the relationships between these properties and between different figures (e.g.: Rectangles have four right angles). At the Informal Deduction Level (L2), students are able to reason logically. They can form abstract definitions, distinguish between necessary and sufficient conditions for a concept and understand and, sometimes, even present logical arguments. They can classify figures hierarchically by analysing their properties and giving informal arguments to justify their classifications (e.g., identifying a square as a rhombus because "it's a rhombus with some extra properties") (Usiskin, 1982) Nolan and Swart (2015) indicated that educational technology may be used to supplement traditional approaches to help the students. Noraini (2007) showed that there are significant differences between the control (traditional approach) and experimental (using Geometer's Sketchpad) groups with the students in the experimental group doing much better and it was found that the geometric thinking was in line with van Hiele's theory. Wu and Ma (2010) used the Grey relational analysis (GRA) to analyze the Wu-Ma Test of the van Hiele's levels of geometric thinking. Results showed that the Wu-Ma Test is a good instrument to measure the geometrical concepts according to van Hiele's levels of geometric thinking. Based on their research findings, Abdul Halim and Effandi (2013) suggested that activities in geometry for elementary students can be implemented using van Hiele's phases of learning geometry. The results showed that the developed activities were well-arranged based on van Hiele's phases of learning geometry with the assistance of Geometer's Sketchpad. Neslihan and Mehmet (2012) investigated the development of pre-service elementary mathematics teachers' geometric thinking levels using pre-test and post-test. The results of this study revealed the need of assessment on the development of pre-service elementary mathematics teachers through their geometric thinking levels.
In this study, van Hiele's levels of geometric thinking using Google SketchUp (VH-GSU) module and van Hiele's phases learning (VH-PL) module were developed through carefully designed learning activities to assist students in progressing through the first three levels of van Hiele's levels of geometric thinking. The modules were designed and developed according to the ADDIE model (analysis, design, development, implementation and evaluation). The modules consisted of four sub-units, namely Unit 1 (Three Dimensional Shapes), Unit 2 (Triangles), Unit 3 (Squares and Rectangles) and Unit 4 (Cubes and Cuboids). For each unit, students were required to complete specific tasks in order to assist them to progress from their current level to a higher level as described in van Hiele's levels of geometric thinking. Figure 1 shows the theoretical framework of this study. Phase I involved the analysis of essential information. The learning needs of the modules were determined based on the Malaysian elementary mathematics syllabus (Year 1 to Year 6), preliminary investigation pertaining to students' van Hiele's levels of geometry thinking using Qmethodology and discussion with mathematics teachers. Q-methodology was a research method used in psychology and in social sciences to study people's "subjectivity", that is, their viewpoint. It gathered data from an individual on multiple issues of interest. The individual's opinions were then clustered based on similarity of opinion. Therefore, the researcher was able to justify the learning objectives and items to be developed based on the results obtained. The purpose of Q-methodology was to determine whether the various opinions of the individual gave rise to a greater thematic understanding of the issues at hand (Brown, 2004) . Interviews and discussions with mathematics teachers and experts were conducted to determine students' achievement in geometry and the theory underpinning the teaching of geometry.
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Figure 1 Theoretical Framework of the Study
In Phase II, determination of the design of the learning modules included identification of van Hiele's levels of geometric thinking to be addressed; design of content and instructions, structure arrangement in modules, coverage of the content; design of constructivist learning approaches for each learning module, design of visualisationoriented learning activities for van Hiele's Phases Learning Module and van Hiele's Levels of Geometric Thinking using Google SketchUp Module. The focus was on van Hiele's levels of geometric thinking, learning strategies and activities as shown in Table  1 Interaction between teacher and students through discussion. Guided Orientation Students learn geometry in exploration using guided activity. Explication
Students can explain and express their views about the geometric structures observed.
Free Orientation
Students are given more complex tasks which involve many steps and can be completed through a variety of ways and through open-ended questions.
Integration
Students review and make a summary of what has been learned for the purpose of building a new overview of a network of objects and establish the relationships among them.
Source: van Hiele (1999, p. 1-3) (1999, p. 316) In this study, van Hiele's phases of learning and levels of geometric thinking were used as references for developing activities while the learning strategy adopted was based on constructivist approaches. Spatial visualisation oriented activities were adopted for use with the Google SketchUp (GSU). According to Noraini (2006) , van Hiele's phases and levels of geometric thinking are appropriate as a basis in planning geometry learning activities. In Phase III, activities based on van Hiele's phases of learning and levels of geometric thinking were developed. Constructivist approaches and activities that promote the formation of spatial visualisation ability were integrated with development of conceptual and procedural knowledge in the GSU environment. In this phase, the learning kits consist of modules developed as the experiment progresses until they were all completed. An overview of the processes involved in the development of the learning module is shown in Figure 1 . It reflects the sequence and structure of the learning processes experienced by students. It also reflects how the user moves from one part of the developed learning environment to another part. Based on the ADDIE model, Phase IV is the implementation phase which is the process of conducting the research. The assessments of activities were based on the phases of learning in the three modules. A pilot study was conducted using the learning materials that had been developed in order to get feedback from the experts and the target group. In addition, the validity and reliability of the instruments were also determined. In Phase V, formative and summative evaluation from the experts and target group were conducted. METHOD True experiment was conducted to ascertain the research questions. This section discusses the entire methodology for the study.
Participants
The participants were 96 elementary school students. Thirty-two of the students were randomly selected and assigned to the control group (NVH-CI) and there were 32 students each in the two treatment groups, group 1 (VH-PL) and group 2 (VH-GSU). Prior to that, Wu's Geometry Test was conducted and the scores were used to classify students into the three categories based on their performance. Random selection of research participants from each of the categories were then made to ensure that the three groups were equal based on students' levels of geometric thinking. The researcher also ensured that the number of male and female students in each of the groups was balanced.
Instrument
The van Hiele's's levels of geometric thinking were measured using Wu's Geometry Test (WGT) developed by Wu and Ma (2005) . Several adaptations were made to the WGT in order to make it suitable for the content covered in this study as well as to reflect the Malaysian geometry curricular prescriptions. The adapted version of WGT comprises of 75 items to represent five geometry topics covered in the study and they were Triangles, Squares, Cubes, Rectangles and Cuboids. For each geometry topic, five items represented van Hiele's Level 0 (L0), Level 1 (L1) and Level 2 (L2) respectively. The WGT used van Hiele's Geometry Test (VHG) scoring principles originally set by Usiskin (1982) . Thus, a student is considered to have achieved a particular van Hiele's level of geometric thinking if they managed to answer correctly at least three out of five items designated for that particular level. This would mean that the threshold percentage to progress from one level to the next would be at 60 percent. Table 3 showed the example of WGT in different levels. Table 3 Example of Test Items of the Adapted Wu's Geometry Test
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Validity and Reliability of the Instrument
Wu's Geometry Test (WGT) was given to three experts, that is, a teacher and two mathematics experts from a university to examine the suitability of all the items. The evaluation was on the format, meaning, language, font size, instruction given, spelling and, most importantly, the appropriateness of the item to the standard and level of difficulty for the purpose of study. The coverage of the five questions for each different shape at three different levels of geometric thinking made up a total of 75 questions. These questions underwent a pilot study to evaluate the difficulty and reliability. Kuder-Richardson Formula 20 (KR-20) was conducted to ensure the consistency of the Wu's Geometry Test (WGT). A coefficient of 0.70 was established. Thus, based on Fraenkel and Wallen (2003) , the test was reliable since the coefficient was at least 0.70.
Experimental Procedure
Once the participants of the instructional groups were identified, the experiment was conducted by the researcher for all the groups. The experiment for the technology assisted instructional group was conducted in the school computer laboratory, whilst the instruction for the other two groups were conducted in ordinary classrooms. To minimize interference with daily routines in the school, the experiment was conducted in the afternoon, after the school session ended. The researcher controlled all internal and external threats to the experimental study. Pre-test was administered during the first session after the explanation on what was required of their participation was given. The learning of geometry using the van Hiele's Phases Learning (VH-PL), van Hiele's Levels of Geometry Thinking using Google SketchUp (VH-GSU) and conventional teaching (VNH-CL) modules were carried out for eight sessions, conducted in a span of eight weeks with each session taking approximately 90 minutes.
The instructional materials such as the lesson plans for the two experimental and one control groups were prepared by the researcher. These lesson plans were used to ensure similarity in contents including examples across all three groups. The lessons were recorded and observed at random by an expert to ensure the equity of treatment in these three different groups. The modules were collected after each teaching session to ensure that they were not shared between the different groups of subjects.
In every two weeks, a different module was introduced and the unit test for the previous lesson was given. The post test was carried out during the last session, that is after eight weeks. A retention test was given a month after the treatment sessions.
FINDINGS AND DISCUSSION
All groups had an almost equal number of males and females. Altogether, there were 45 (46.9%) males and 51 (53.1%) females. All subjects involved in the study took the pretest to determine their van Hiele's levels of geometric thinking before they were randomly selected into three different groups. The distribution of participants in each of the three groups in terms of gender and van Hiele's levels of geometric thinking is portrayed in Table 4 .
International Journal of Instruction, January2019 • Vol.12, No.1 The test scores gathered from the pre-test were analyzed using the methods and conventions mentioned earlier. Table 4 shows the summary of the van Hiele's levels of geometric thinking among the research participants before the intervention. Table 5 shows that during pre-test, all students achieved van Hiele's levels of geometric thinking of L2 and below with six of them in the 'lower than L0' (BL0) level. These six students were considered as those not meeting the van Hiele's requirements to learn geometry effectively. This showed that, before the intervention, most students only operated at the recognition (L0) (18.7%) and analysis (L1) (71.9%) levels.
This finding is similar with those found by Humphrey (2008) and Usiskin (1982) . Humphrey (2008) conducted a study on 144 students from Nigeria and South Africa and found them at the range of pre-recognition level (BL0) and analysis level (L1). A similar finding was made by Usiskin (1982) who revealed in his study that the 2361 high school students were equal to or below the analysis level (L1) of van Hiele's levels of geometric thinking. Studies conducted by several researchers have also revealed phenomena which are more or less similar (Ding & Jones, 2006; Noraini, 2007; Wu & Ma, 2005) . Their findings showed that the students in their studies only operated at the lower level of van Hiele's levels of geometric thinking.
After the intervention for the three different groups using the three different strategies, that is, using the van Hiele's Phases Learning Module (VH-PL), van Hiele's Levels of Geometric Thinking using Google SketchUp Module (VH-GSU) and Conventional Instruction strategy (NVH-CI), the results showed an improvement in all three groups.
In the NVH-CI group, the number of students who progressed to the Informal Deduction level (L2) increased by 10 (31.3%) students. However, in the VH-PL and VH-GSU groups, the number of students increased by 16 (50%) and 22 (68.8%) respectively. Thus, this suggested van Hiele's theory had been successful in helping students to progress to the higher van Hiele's levels in learning geometry.
This finding was similar to those carried out by researchers around the world who had successfully helped their learners improve in the learning of geometry (Abdul Ding & Jones, 2006; Humphrey, 2008; Wu & Ma, 2005) . Learning geometry using van Hiele's theory had successfully eliminated students who were below the Visualisation level and had helped them to progress to at least Level 0 (Visualisation Level). Table 6 shows the students' performance based on van Hiele's levels of geometric thinking before and after the intervention according to categories of progression (progress to next level, progress but stay in same level, no progression). Results showed that the students in the VH-GSU group showed very good performance and almost 94% of the students progressed to the next level. This was followed by those who used van Hiele's Phases learning strategy (VH-PL) and the lowest performance was recorded for those who followed the conventional learning (NVH-CI). Table 7 shows that the VH-GSU group had the highest increase in the number of students who progressed to the higher level when compared to the VH-PL group in which the number of students in Level 1 (Analysis Level) had seen a reduction in the International Journal of Instruction, January2019 • Vol.12, No.1 number of students from 23 (71.9%) in pre-test to 8 (25.0%) in post-test while the VH-PL group only reduced 9 (28.1%) students. This information suggested that the VH-PL and VH-GSU Learning Modules had managed to assist students to progress through their first three van Hiele's levels of geometric thinking, with all of them managing to progress at least within the levels. Among them, more than half of them had progressed to higher levels. The mean scores increased from 57.8% to 67.6% and 61.0% to 73.8% respectively. Table 7 also shows the comparison of the number of students and percentage according to their van Hiele's levels of geometric thinking in the pre-test, post-test and the retention test which was taken one month after the intervention. For the retention test, there were only six students at the level of Informal Deduction (L2) in the conventional group (NVH-CI) one month after the intervention. Earlier on in the post-test, 11 students were already at the L2 level and this showed a 15.7% decrease in the number of students. For the L1 level (Analysis), the number of students in the pre-test was almost equal to the number in the retention test. Only the visualisation level (L0) retained the number of students and there were two students who were still unable to achieve the visualisation level as in pre-test. The number of students dropping to the previous level in the VH-PL group was fewer than the number in the NVH-CI group. The students were 12.5% fewer in the Informal Deduction level (L2) after the retention test when compared to the post-test. The number of students in the Analysis level (L1) had increased to 18 (56.3%) but it was still lesser than the number of students in the pre-test which was 23 (71.9%) students. In the Visualisation level (L0), the number remained the same as there was only one student in
International Journal of Instruction, January 2019 • Vol.12, No.1 this category. In the VH-GSU group, the number of students performing at the Informal Deduction level (L2) was the same in both the retention test and the post-test. There was only one student who fell back to the previous level (L0) during the retention test. ANCOVA was used to evaluate the difference in the overall means of van Hiele's levels of geometric thinking in the post-test and retention test after one month of intervention, between students who underwent different strategies in the learning of geometry (VH-GSU, VH-PL and NVH-CI) using pre-test scores as control. Table 8 shows that, in the post-test, there was a statistically significant difference in the van Hiele's levels of geometric thinking between the three different groups, [F(2,91) = 6.29, p < .05, partial η 2 = .121]. Eta squared showed quite a large effect among the groups because it was close to 0.13 based on the guide by Cohen (1988) . This suggested that there was a significant difference in the overall mean of van Hiele's levels of geometric thinking after test performance between students who underwent the different strategies in learning geometry (VH-GSU, VH-PL and NVH-CI). Post hoc test shows that, using Bonfferoni adjustment, VH-GSU group (M = 73.81, SD = 10.23) is statistically significantly different (Table 9) International Journal of Instruction, January2019 • Vol.12, No.1 Table 10 shows that there was a statistically significant difference in the retention test of van Hiele's levels of geometric thinking between the three different groups, [F(2,91) = 3.98, p < .05, partial η 2 = .080]. Partial eta squared showed a medium actual effect in the retention test among the three different groups based on the guide by Cohen (1988) . It must be noted that the VH-PL and VH-GSU learning modules were both designed to incorporate learning activities based on the application of van Hiele's theory. The difference was that the VH-GSU strategy utilized the advancement of computer technology. In particular, great emphasis had been given on the visualisation-based learning activities and hands-on explorations to develop geometry thinking that would actively engage the students in the learning processes and enhance students' conceptual understanding of geometry concepts. Bearing this in mind, the findings of this research seems to be consistent with those of Noraini's (2007) and Olkun's (2005) . Both of them were using specially developed graphic software designed to assist students to learn geometry. In the study conducted by Noraini (2007) , the effects of Geometer's Sketchpad on geometry achievement showed that there were significant differences between the control (traditional learning approach) and experimental (Geometer's Sketchpad) groups. She reported that the addition of dynamic geometry software in International Journal of Instruction, January 2019 • Vol.12, No.1 geometry construction had increased the students' interest in geometry as well as enhanced their understanding. In the case of Olkun (2005) , Geometers' Sketchpad had been used to provide a suitable dynamic environment in which students could explore geometry according to their geometric thinking levels.
Post hoc test in
As a conclusion, students generally showed a more positive effect when the van Hiele's Levels of Geometric Thinking using Google SketchUp strategy (VH-GSU) was applied compared to the van Hiele's Phases Learning (VH-PL) strategy and the Conventional Instruction (NVH-CI) strategy. However, there was also a significant difference in the VH-PL strategy compared to the conventional teaching in practice. Therefore, the VH-GSU module and VH-PL module were suitable in assisting students to progress in the van Hiele's levels of geometric thinking. After one month of intervention, the retention test showed that students in the VH-GSU group retained their learning better compared to the other two groups. Thus, the use of van Hiele's Levels of Geometric Thinking approach coupled with the use of the Google SketchUp promoted a better conceptual understanding and the students also managed to retain their understanding longer.
CONCLUSION
In this study, a preliminary analysis was carried out in the pre-test to identify students' van Hiele's levels of geometric thinking before the intervention. In most of the cases, the van Hiele's levels of geometric thinking among the students were found to be at a lower level before the use of VH-GSU and VH-PL learning modules. Most of the students seemed to be operating at the level of Recognition (L0) and managed to reach Analysis (L1) in the learning of geometry. These findings were more or less similar with those found by other researchers (Abdul Ding & Jones, 2006; Gary, 2007; Mohd Salleh et al., 2012; Noraini, 2007; Humphrey, 2008; Usiskin, 1982; Wu & Ma, 2005) . The findings in this study concur with the findings by Noraini (2007) which suggested that a substantially large proportion of Malaysian elementary school children were operating at the lower levels of the van Hiele's levels of geometric thinking. This was similar to the levels of other school students in countries such as the United States, United Kingdom, China, and Taiwan. Nevertheless, the findings of the pre-tests had provided strong indications of the serious deficiencies pertaining to the nature of geometry learning among the students under investigation.
After the intervention, descriptive statistics of Wu's Geometry Test (WGT) showed that most of the students in all three groups achieved a higher level of van Hiele's geometric thinking. This study had provided evidence that the VH-GSU and VH-PL modules were better in assisting elementary students to progress through the first three levels of van Hiele's geometric thinking in the learning of geometry. The VH-GSU Module had managed to assist most of the students to progress through their van Hiele's levels of geometric thinking with an average of 93.8% of them progressing to the next level compared to the VH-PL module (75.0%) and conventional teaching method (46.9%). Among them, 100% had managed to obtain higher scores even though some of them were still at the same level as in pre-test. The students' mean scores increased after the use of the VH-GSU learning module. The findings had provided evidence that the GSU graphic software could be utilized to assist learners to progress through their van Hiele's International Journal of Instruction, January2019 • Vol.12, No.1 levels of geometric thinking. It was clear that although the GSU was not designed specifically for the learning of geometry, it can be used to assist students to achieve higher van Hiele's levels of geometric thinking.
Attainment by those in VH-PL module was not as good as those using VH-GSU module, but it still showed better understanding and improvement of van Hiele's levels of thinking when compared with those taught using the conventional instruction. The VH-PL module can be introduced to those schools that do not have internet or computer facilities.
The retention test that was carried out one month after the intervention period showed that most of the students in the VH-GSU group still remained in the higher level of van Hiele's model when compared to those in the VH-PL and NVH-CI groups. Repeated measures using ANCOVA showed that there was a significant difference between the pre-test and post-test scores in the three different groups. This meant that there was improvement or progression in all the three groups including the two treatment groups and the control group. However, after detailed analysis using ANCOVA, the treatment group of VH-GSU showed higher improvement when compared to the VH-PL group. The NVH-CI group had some progression after the intervention, but it showed that the conventional instruction strategy had a minor effect in assisting the students in progressing to the higher levels of van Hiele's levels of geometric thinking. The retention test also showed that a great number of students dropped back to the previous level as they had similar scores to that in the pre-test. This finding was similar to the findings by Abdul Halim (2012), Erdogan, Akkaya and Celebi Akkaya (2009), and Wu and Ma (2010) who found that the subjects in the conventional learning group did not show great improvements in van Hiele's levels of geometric thinking.
This phenomenon gives rise to several interesting points. Firstly, the deficiency of van Hiele's levels of geometric thinking appears to be global in nature across boundaries of educational practices and curriculum. This deficiency might have been the major contributing factor to the learning difficulties encountered by learners around the globe. Secondly, the deficiency may hold the key that explains why Malaysian lower secondary students have low performance in TIMSS and PISA assessment. It is noted that as far as the van Hiele's levels of geometric thinking is concerned, the higher thinking skills of decision making and integration with other mathematical concepts require the learners to reach L4 (Rigor). Thirdly, the findings of this study indicate that van Hiele's levels of geometric thinking is the way to assist students in learning geometry as previous studies have also proven on the effectiveness of van Hiele's geometrical thinking in enhancing students' understanding in geometry Mohd. Salleh et al, 2012; Senk, 1989; Pierre van Hiele, 1999; Usiskin, 1982; Wu & Ma, 2010) .
Implication towards Teaching and Learning
This study provides a guidance to teachers to diversify their teaching methods, especially in the teaching of geometry. The modules developed in this study can be used as a guide to teachers in developing activities according to van Hiele's levels of geometric thinking. Teachers may also use the set of developed modules which had
